
Analysis of Cable Operator Responses to FCC Survey of Cable MSOs

for which cable systems have capacity. Similarly, the number of broadcast stations in an
average market divided into the downstream bandwidth available to the average
subscriber will yield the "burden" on the cable industry of carriage ofbroadcast signals.

DTV Bandwidth "Burden"

Now looking at these relationships in detail, we have previously shown that the total
bandwidth delivered to the average subscriber is growing from 622 MHz at yearend 1999
to 725 MHz at yearend 2003 according to the data supplied to the FCC by respondents to
its survey. Subtracting the amount for upstream spectrum allocations, there is a net
downstream capacity growing from 568 MHz to 671 MHz over the same period. (There
is no need to subtract for limitations caused by technical or safety regulations, as there
were none identified by any respondent.) Following the Commission's instructions to
divide by three to determine the cap on bandwidth required to be devoted to commercial
broadcast signals yields a value rising from 189.3 MHz at yearend 1999 to 223.7 MHz at
yearend 2003.

Next considering the bandwidth required to carry broadcast signals, there are two types of
signals to be considered - analog and digital - with two different bandwidths required.
Analog (NTSC) signals occupy a 6 MHz channel for over-the-air broadcast, and they
require the same bandwidth on a cable system. Thus there is a one-for-one
correspondence between analog broadcast signals carried and the number of 6 MHz
channels utilized for the purpose on a cable system.

Digital broadcast signals, on the other hand, use spectrum more efficiently and require
less spectrum on a cable system than do analog signals. Because of the challenges of
delivering digital signals reliably with tropospheric propagation, the 19.3 Mbps ofa
digital broadcast signal occupies the entirety of a 6 MHz channel for broadcast
transmission. When that same signal is carried on a cable system, however, it occupies
71.5 percent ofthe capacity of a 6 MHz channel if 64-QAM modulation is used and half
the capacity of a 6 MHz channel if256-QAM modulation is used.

The cable industry respondents to the FCC survey indicated uniformly their expectations
that two digital broadcast signals (or HDTV signals, in the language of the survey) will
be carried on one 6 MHz channel using 256-QAM modulation. This is a reasonable
expectation even for those operators with a large investment in set top boxes capable only
of 64-QAM reception because the early set top boxes with that limitation are not capable
of dealing with HDTV signals. Recovery and presentation of broadcast HDTV and other
format signals will require new set top boxes or digital cable-ready receivers with that
capability. Those subscribers desiring to receive such services will not be able to use the
earlier generation set top boxes. Any new equipment placed in service will surely be
capable of256-QAM operation. Hence it is fair to assume that digital broadcast signals
carried on cable systems will occupy half the capacity of a 256-QAM channel.

Another way to look at a digital broadcast signal occupying half a 256-QAM-modulated
6 MHz cable channel is to consider that it uses the equivalent of 3 MHz of cable
spectrum. This leads to the ability to analyze broadcast channel occupancy on a cable
system as consisting of two parts: an analog part requiring 6 MHz and a digital part
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requiring 3 MHz. When a station is afforded carriage ofboth its analog and digital
signals, the two can be analyzed together as a single 9 MHz occupant of the cable system
with respect to the downstream bandwidth utilized.

Capacity Within the One-Third Bandwidth Cap

Considering the bandwidth available for downstream transmission of commercial
television broadcast signals within the one-third cap provided by the Communications
Act of 1934 as amended6 and the FCC's determination in the First Report and Order/
there was capacity available to the average subscriber to carry both the analog and digital
signals of21 stations at yearend 1999. (189.3 I 9) The capacity within that cap is
projected by the cable industry survey to rise to nearly 25 stations at yearend 2003.
(223.7/9) It should be noted that public ("Non-Commercial Educational" or NCE)
stations are not counted in determining limitations to the Congressionally mandated cap.

Now consider the number of stations in the largest television markets in the country.
Table 3 below lists the ten largest markets according to their Nielsen Designated Market
Area (DMA) rankings, the total number of television stations in those DMAs, the number
of commercial stations, and the number of public stations. The following analysis treats
all the stations in each market as providing coverage throughout the DMA and therefore
able to deliver a signal of sufficient quality to each cable headend to enable carriage on
all cable systems in the DMA under the provisions of the FCC Rules.

Taken together, these data indicate that, for the average subscriber, there was capacity
within the statutory cap to carry both the analog and digital signals of all the commercial
broadcast television stations in the very largest markets by the end of 1999. By the end
of 2003, there will be sufficient capacity within the cap to carry to the average subscriber
both the analog and digital signals of all of the stations in the very largest markets,
commercial and non-commercial alike. The capacity available to the average subscriber
within the cap, moreover, is a conservative number. As shown earlier in Chart 5, fully 86
percent of subscribers are projected by the cable industry respondents to have 750 MHz
or greater service by the end of2003. The capacity projections here encompassing the
number of stations in the largest markets are based on 725 MHz bandwidth service,
leaving a 25 MHz (greater than 4-television-channel) margin.

Looked at another way, there were 1304 commercial television stations as ofJune 30,
2001, according to the FCC's data. Nielsen lists 210 DMAs. Thus the average DMA
currently has about 6.2 commercial television stations. There were also 374 non­
commercial educational (NCE) stations as of the same date, resulting in an average of
about 1.8 such stations per DMA. Ifboth the analog and digital signals of each
commercial station in the average market were carried in the downstream bandwidth
available to the average subscriber, the total "burden" on the cable industry currently
would be 8.97 percent of that available downstream bandwidth.

6 Section 614(b)(l)(B).
7 First Report and Order and Further Notice of Proposed Rulemaking In the Matter of: Carriage of Digital
Television Broadcast Signals, CS Docket 98-120, at Paragraph 40.
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Table 3 - Television Stations in the Ten Largest DMAs

Rank Market Total TV Commercial NCE

1 New York 23 18 5

2 Los Angeles 25 21 4

3 Chicago 16 13 3

4 Philadelphia 20 15 5

5 San Francisco/Oakland/San Jose 23 18 5

6 Boston/Manchester, NH 20 15 5

7 Dallas 18 16 2

8 Washington, DC 18 12 6

9 Detroit 10 9 1

10 Atlanta 13 10 3

Source: Broadcastmg & Cable Yearbook 2001

Historically, the percentage "burden" on the cable industry has fallen dramatically since
the inception of must carry in 1993, as the capacity of cable systems has grown rapidly
even while the number of television stations was also growing. In 1993, the burden of
commercial television stations on the cable industry was 13.35 percent.8 By yearend
1999, it had fallen to 6.25 percent - less than half the 1993 level - according to the cable
industry respondents' capacity data combined with FCC data on the number oftelevision
stations.

During the period from yearend 1999 to yearend 2003, the burden ofcarrying both the
analog and digital signals of all commercial television stations can be expected to grow as
DTV stations are built. To model that growth, we have applied a factor to the effective
bandwidth per station so that it grows from 6 MHz at yearend 1999 to 9 MHz at yearend
2002, when all commercial DTV stations are scheduled to be on the air. 9 This causes the
burden to grow to a maximum of 8.46 percent at yearend 2002, after which it begins
gradually to decline again as cable capacity continues to expand. This reduction occurs
even after accounting for the fact that the total number ofbroadcast stations to be
accommodated increases from 1243 on September 30, 1999, to an estimated 1320 on
September 30,2003. Beyond 2003, the burden can be expected to fall into the range of
7.9 percent as cable operators complete the capacity expansions they have described in
their survey responses and elsewhere. Sometime further in the future, perhaps in "2010,"
the conditions will be met to allow discontinuance ofNTSC operations. At that point and
thereafter, the burden on the cable industry will drop to an average of3 MHz per station,
or 2.63 percent of bandwidth capacity delivered to the average subscriber.

8 Based on a total of 1,155 commercial television stations in 211 Nielsen DMAs and an average cable
system capacity of 41 channels. Data are from the FCC, Nielsen, and Paul Kagan Associates, respectively.
9 For sake of simplicity, the growth is modeled as a linear interpolation between 6 MHz and 9 MHz.
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Chart 7 - Broadcast "Burden" on Cable Capacity w/Growth of
DTV
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Accounting for the NCE stations as well, even though they are accommodated outside the
one-third cap, the total "broadcast burden" on the cable industry declined from 17.55
percent in 1993 to 8.13 percent at yearend 1999. Using the same sort of model for
growth ofNCE digital operations but extending them from 2000 through 2003, the total
broadcast burden climbs to 10.87 percent at yearend 2002, after which it begins falling.
In the period beyond 2003, it is in the range of 10.1 percent until the analog signals are
turned off. Thereafter the total burden on the cable industry will drop to 3.37 percent of
bandwidth capacity delivered to the average subscriber, again assuming an average of
3 MHz per station. All of these relationships are shown in Chart 7.

Subscriber Representation in Survey Responses
All of these data are derived from the responses to the FCC survey combined with data
from the FCC web site. The FCC survey responses cover a maximum of 57.3 million
subscribers at yearend 2000 out of a universe of 68 million subscribers. In later years,
because of discounting subscribers from respondents who supplied no data for those
years, the total covered drops to 52.6 million out of an expected 68 million. The
companies represented in the survey responses in any way have nearly 59.9 million
subscribers out ofthe 68 million total subscriber universe, however, according to the data
available from the NCTA web site. Thus the number of subscribers represented in the
surveys overall is about 88.1 percent of the total. This is a very good representation for a
survey such as this, but responses in the later years represent only 77.4 percent of all
cable subscribers.
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It could be argued that the remaining 22.6 percent of subscribers all subscribe to small
systems, which would mean they receive lesser service than do their big-system brethren.
Such an inference cannot be drawn, however, when one considers two factors: First,
some 6.7 million, or 9.9 percent, of the missing subscribers are those of two respondents
to the survey who failed to provide data for later years, the smaller of whose subscriber
count is over 1 million. Second, the responses of the smaller operators who did return the
survey indicate otherwise. Annstrong, BellSouth, and ReN, having 206,500,39,700, and
413,400 subscribers projected in 2003, respectively, are among the leaders in bandwidth
provided. They anticipate making available 750 MHz or greater bandwidth to 99.2, 100,
and 86 percent of their subscribers, respectively. Thus it cannot be assumed that smaller
operators, if indeed smaller operators were the ones missing from the data collected,
would necessarily be below the average of the industry in the bandwidth delivered. It is
therefore most appropriate to extrapolate from the data obtained on 77+ percent to the
other almost 23 percent.

Because of some recent advances in technology, the bandwidth projections calculated
above are likely to be conservative. The advances are the extension of the bandwidth of
infrastructure equipment (amplifiers and the like) from 750 MHz to 860 or 870 MHz at
no increase in capital cost to the operator. Moreover, such wider bandwidth equipment
can be installed with the same amplifier spacing as has been used for 750 MHz, thereby
avoiding the need to reposition the amplifiers along the cable in going to the higher
bandwidth. These advances are described in detail in the brochure from Scientific
Atlanta attached in Annex B. The impact ofthese advances is borne out by the upgrades
installed by Adelphia, which is reported in the trade press to have used 750 MHz
equipment in systems rebuilt after January 1, 1999, and to have used 860 MHz equipment
exclusively in its rebuilds after February 1, 2000. 10 The expansion of the infrastructure
bandwidth will not be hampered by the set top boxes and other equipment already in the
field because all of them from the beginning of their introduction have had tuners that
reach 860 MHz. I I This is not to suggest that it should be expected that the cable industry
as a whole will be moving beyond 750 MHz anytime soon but rather to underscore the
conservative nature of the evaluation discussed above.

10 It should be noted that, while Adelphia provided no data for year-ends beyond 2000 and was thus
excluded from the averages for those years, it had 31.5 percent of its systems rebuilt at 750 MHz and
3 percent rebuilt at 860 MHz as of yearend 2000. This means that, as it rebuilds the remaining 65.5 percent
of its systems, they will all be upgraded to 860 MHz. If these systems had been added to the averages
calculated in this analysis, the bandwidth delivered to the average subscriber and the percentage of
subscribers receiving service at or above 750 MHz both would have increased. This further confirms the
conservative nature of the findings herein.
II The cable industry standard for digital modulation, SCTE DVS-031, "Digital Video Transmission
Standard for Cable Television," has specified a transmission band from 54 to 860 MHz since its first
release, dated October 15,1996. The standard for devices connected to cable networks, SCTE DVS-313,
"Digital Cable Network Interface Standard," first released March 15, 2000, specifies use ofchannel plans
that extends to 864 MHz.
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Cable Industry Program Service Capacity
Another way to look at the capacity of the cable industry is to consider the number of
program services, popularly called "channels" but not necessarily related to the 6 MHz
spectrum allocations also known by that term, that can be offered on a system. With
regard to analog signals and program services, there is normally a one-to-one
correspondence between them. For digital signals, the number of program services that
can be carried on a single signal in a 6 MHz channel varies depending upon the type of
program service to be carried and the quality of the service to be delivered to the
subscriber's television screen. Digital signals are "compressed" to fit more into the
available spectrum, and they are "multiplexed" so as to carry several of them together in
a single 6 MHz channel.

The number of program services that can be multiplexed into a signal in a single 6 MHz
channel depends upon the type of modulation used and the amount ofcompression to
which the various services are subjected. The modulation type used determines the bit
rate for the entire channel, and the compression determines the number ofbits required to
carry each program service. The number of bits devoted to each program service can also
vary according to the complexity of the images to be compressed, and, when this is the
case, efficiency of the system can be improved using a technique called "statistical
multiplexing." It should also be noted that the bit rate required for a given image quality
is smaller for film source material than it is for television sources. This situation occurs
because film operates at a lower frame rate (24 Hz vs. 30 Hz) and because film images
are taken at one instant while video generally is split into two fields taken at separate
times. This factor allows the compression of more program services carrying films into a
single channel than is possible with television-originated programming by a ratio of
greater than 5:4.

Relationship Between Modulation and Compression Parameters
Some examples may help to explain the relationship between modulation and
compression. First, we must remember that 64-QAM modulation is capable of
transporting about 27 Megabits per second (Mbps), and 256-QAM can transport about
38 Mbps in a 6 MHz channel. Ifwe were to combine 10 program services onto a channel
with 64-QAM modulation, then each program service would have to be compressed to
about 2.7 Mbps if we gave each service the same bit rate. Ifwe used statistical
multiplexing in this example, we could devote an average of2.7 Mbps to each program
service and get better image quality. Alternatively, we could retain the same image
quality and reduce the average bit rate, perhaps allowing the multiplexing of an 11 th

program service onto the channel. If we put the same services on a channel with
256-QAM modulation and we retained a fixed 2.7 Mbps bit rate, we could add another
four program services for a total of 14. Use of statistical multiplexing would allow
carriage of 14 services with improved image quality or retention ofthe same image
quality with 15 or 16 program services carried.
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Cable System Spectrum Allocation
Another factor to consider in calculating the number ofprogram services that a cable
system can carry is the allocation of spectrum to analog and to digital signals. Spectrum
used for analog signals must be figured as carrying one program service per 6 MHz
channel. Spectrum used for digital signals will carry multiple program services, with the
multiplier a parameter that must be determined. The industry norm is to allocate
spectrum below 550 MHz to analog services and to use the band above 550 MHz for
digital services. Some operators deviate from that norm, however, in some cases
allocating some of the spectrum above 550 MHz to analog services and in other cases
digitizing some analog services below 550 MHz to make room in that part of the
spectrum for some digital signals that can carry more services.

One more factor that must be included in calculation of the number ofprogram services
likely in real implementations is the amount of spectrum that will be allocated for the
downstream portions of two-way services such as telephony and Internet connectivity
using cable modems. The amount required depends upon the architecture of the cable
system. With practically all cable operators having adopted the hybrid fiber-coax (HFC)
design, the bandwidth required for these services is that needed to serve the needs ofthe
number of subscribers attached to each node of the system. The node is the point at
which the signals transition from a fiber from the headend to a coaxial cable to the
subscribers' premises. As more subscribers adopt a particular service, more bandwidth is
required in order to serve them. Typically, that additional bandwidth is created by
splitting nodes so that they serve fewer subscribers. This permits "frequency reuse,"
which makes more efficient use of the spectrum on the coaxial cable by using more fibers
to connect the nodes to the headend. Such frequency reuse is more or less required
because there is not sufficient bandwidth in the upstream spectrum to be able to simply
expand the bandwidth allocated to the two-way services.

Number of Program Services Per Digital Channel
In the analysis to follow, the cable industry capacity will be considered in terms ofthe
number ofprogram services that can be carried. To simplify the discussion, only the
values for yearend 2003 will be described in detail. The same methods have been
applied, however, to the proceeding years, i.e., starting at yearend 1999. The results of
that complete analysis are given graphically in Charts 8 and 9, respectively, for the
unweighted and weighted average numbers of program services per channel derived from
the cable operators' data, as will be described below.

The FCC survey asked the cable operators for the number ofHigh Definition Television
(HDTV) and Standard Definition Television (SDTV) program streams expected per
6 MHz channel. The responses for HDTV were discussed above. For SDTV, the
responses naturally vary from operator-to-operator, but there are visible trends in the
data. The data are presented in summary form in Table 4 below. The data entries
indicate the number ofprogram services each responding operator projected that it will
multiplex into a single 6 MHz channel using 64-QAM and 256-QAM modulation. "NR"
indicates no response from a particular operator with respect to a specific density of
modulation. In some cases, there were no responses at all from an operator. In other
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cases, only one fonn of modulation was considered. In the case of one operator, there
was no differentiation made between the two fonns ofmodulation. One operator
provided independent answers from three different administrative regions that dealt with
different aspects of the issues and did not necessarily agree with one another.

Table 4 - Cable Operator Estimates of Number of Services per Channel

Respondent 64-QAM 2S6-QAM

Adelphia NR/ 8-12 / 8* 8/NR/NR*

Annstrong 8 NR

AT&T 10 12-14

BellSouth 6-12 NR

CableOne NR NR

Cablevision 7 10

Charter 8 8-11

Comcast 8 12

Cox N/R NR

Insight 8-12 NR

RCN NR NR

TWC 6-12** 6-12**

*
**

NR

Responses given independently by three regions
No differentiation between 64-QAM & 256-QAM
No response

To further analyze the data, where a single value was given, it was used without
modification to represent all cases, i.e., both film and video sources. It was also assumed
to recognize the added efficiencies of statistical multiplexing. Where a range ofvalues
was given, the average of the range was used to represent the response from that operator
for the particular modulation density. Where a single operator gave multiple responses,
the average ofthe ranges and values was used. The data were then combined in two
ways. First the average of the responses from all operators providing infonnation was
determined for each modulation density. Second, the response from each operator
providing infonnation for each modulation density was weighted by the number of its
subscribers and the average then detennined among the number of subscribers for whom
data was available for that modulation density.

The results of this data analysis are that the unweighted averages of the responses from
all operators responding about each modulation density are 8.67 program services for
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each 64-QAM channel and 10.25 program services for each 256-QAM channel. The
ratio between the 256-QAM and the 64-QAM averages is about 1.18-to-1. This shows
that either the cable operators do not fully acknowledge the 40+ percent increase in bit
rate bandwidth that comes from use of 256-QAM vs. 64-QAM or they intend to use the
additional bit rate to increase image quality. The corresponding weighted averages for
64-QAM and 256-QAM, respectively, are 8.92 and 10.70 program services. Again, the
ratio between the 256-QAM and the 64-QAM weighted averages is about 1.20-to-1,
showing less than full recognition of the bit rate bandwidth difference between the two
modulation densities.

While it would be very simple blithely to assume that the bit rate of256-QAM could be
used for all cable services, this would fail to recognize that there are costs associated with
a conversion from 64-QAM to 256-QAM. As previously discussed, some cable operators
have costs sunk in set top boxes with capability only for 64-QAM. There also is the
matter of the delivery of programs by satellite already multiplexed at bit rates appropriate
for 64-QAM by services such as the Headend In The Sky (HITS) and by some ofthe
programmers supplying their own multiplexes. In instances such as these, it is necessary
to demultiplex (in a process called "grooming") the pre-multiplexed services in order to
recombine them into larger groups for 256-QAM transmission. Such remultiplexing can
be done today but is relatively expensive. Consequently, in this report, we have taken the
conservative path ofnot making any assumptions about the operators' conversion to
256-QAM beyond using it as an upper bound on the range ofwhat might be possible. It
should be noted, however, that the impact ofMoore's law, tracing the reduction in cost of
semiconductor processing power, will be felt in this area, as future devices such as
modulators are currently planned by some manufacturers to have remultiplexing
capability built in. Such developments will make the conversion from 64-QAM to
256-QAM more economical in time.

Spectrum Allocation for Analog Video, HDTV, and Other Services
The FCC survey sought data on the amount of spectrum historically used and expected to
be used in the future for analog video. In general, the responses show that 496 MHz will
be used in systems of 550 MHz bandwidth or greater. Considering that the spectrum
below 54 MHz is reserved for upstream signals, this accounts for everything up to 550
MHz. There are some operators who will use spectrum from the region above 550 MHz
for analog services, but there are just as many who will use spectrum below 550 MHz for
digital services, even on systems with only 550 MHz total bandwidth. Therefore, in this
analysis, the spectrum from 54 MHz up to 550 MHz will be treated as used for analog
signals, and the spectrum above 550 MHz will be treated as used for digital signals.

The FCC survey also sought data on the amount of spectrum used and expected to be
used for services other than video. The responses in this category were primarily related
to telephony and data services to cable modems. Some operators also included a variety
of potential new services in this category such as pay-per-view (PPV), video-on-demand
(VOD), interactive television (lTV), audio-only services, and the like. Examination of
these items shows that several ofthem (e.g., PPV, VOD) are video services nonetheless,
while others such as the audio-only services are broadcast services in essence. The ones
that are really of a different nature are the telephony services and the data services. Data
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from the cable operators on these services shows allocation of 1 or 2 channels of 6 MHz
bandwidth to telephony and, with but one exception, 2 channels of 6 MHz bandwidth to
data transmission. For purposes of this analysis, a total of4 channels, or 24 MHz, will be
considered allocated to the downstream portions ofthese two-way applications. This
means that the other newer applications like PPV and VOD will be handled within the
spectrum allocated for downstream delivery of digital video signals. It should be noted
that some of these newer applications, VOD in particular, will benefit from, perhaps
require, the frequency reuse that comes from node splitting as described previously. This
result comes from the necessity to send different signals to each user, just as in the case
of data delivery.

A further factor to consider in arriving at the program service capacity of the cable
industry is the amount of HDTV programming that will be carried. The reason that this
must be broken out separately is that it requires more bits and hence more bandwidth than
is needed to carry SDTV content. HDTV programming can come from two primary
sources: broadcast signals and cable networks. As discussed previously, there is general
consensus among cable operators that two broadcast signals (which, ofcourse, really can
be either HDTV or multiple SDTV signals) can be carried in a single 6 MHz channel,
with an assumption of use of 256-QAM modulation to achieve this. The respondents to
the FCC survey presented two different possibilities in regard to HDTV service from
cable networks. Some noted that cable HDTV often uses a lower bit rate (resulting from
starting with a lower horizontal resolution) than that ofbroadcast HDTV, and thus it may
be possible to fit three cable HDTV services into a single 6 MHz channel rather than two.
The others treated cable HDTV the same as broadcast HDTV, i.e., two per channel. For
purposes of this analysis, so as to be conservative in counting the number of program
services that can be provided, two services will be counted per 6 MHz channel devoted to
cableHDTV.

It remains to determine the number ofHDTV services to be included in the total. Since
this analysis is dealing with national averages, the number ofdigital broadcast (DTV)
stations included will be the average number per market, i.e., 6.2. This means that 3.1
channels will be set aside for broadcast DTV carriage and will be counted as carrying 6.2
program services. As to cable HDTV, the same number ofprogram services will be
considered as originating from cable sources as from broadcast. This will result in
another 3.1 channels being treated as carrying HDTV, and they will be counted as
yielding another 6.2 program services. Thus, altogether, 6.2 channels, yielding 12.4
program services, will be set aside for DTVIHDTV.

Calculations of Cable Industry Program Service Capacity
With all ofthese individual elements now determined, the average cable industry
capacity in terms ofnumber ofprogram services can be calculated. Starting from the
total bandwidth delivered to the average subscriber at yearend 2003, i.e., 725.2 MHz, it is
necessary to subtract the upstream spectrum of 54 MHz. Then the 496 MHz used for
analog services and the 24 MHz used for the downstream portions of two-way services
are subtracted, leaving 151.2 MHz above the 550 MHz transition point between analog
and digital services. The 496 MHz is counted as 80 analog program services, the value
normally quoted by the cable industry, even though it actually represents 82.7 channels of
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6 MHz each. The 24 MHz allocation is not counted toward the number of program
services. Next the 151.2 MHz remaining above the 550 MHz transition point is divided
into 6 MHz channels, resulting in 25.2 of them. Of these, 6.2 are set aside for broadcast
and cable DTVIHDTV services, leaving 19 channels for the variety of SDTV, PPV,
VOD, and similar services. The 6.2 channels for DTVIHDTV are counted as 12.4
program services. So far, this accounts for 92.4 program services delivered to the
average subscriber.

The remaining 19 channels are analyzed in four different ways to give a complete picture
of cable industry program service capacity under different scenarios. Start with the cable
operators' values for the number ofprogram services per channel with 64-QAM and with
256-QAM modulation. Consider both the unweighted average of cable operator
responses and the average weighted by number of subscribers per operator as discussed
previously. Multiplying the 19 channels by the unweighted and weighted average
number of program services for both modulation densities results in four values. These
values are 164.7 program services for 64-QAM and 194.7 program services for
256-QAM, unweighted, and 169.4 program services for 64-QAM and 203.3 program
services for 256-QAM, weighted.

The numbers ofprogram services obtained in the four cases for the 19 channels must be
added to the 92.4 program services representing the analog services combined with the
DTV/HDTV services. The results are 257.1 total program services when 64-QAM is
used and 287.1 total program services when 256-QAM is used and the number of
program services per channel is the unweighted average of the cable operators'
responses. Similarly, the total number of program services is 261.8 with 64-QAM and
295.7 with 256-QAM when the cable operators' responses are weighted by the numbers
of their subscribers.

Since it is unlikely that any particular cable system will use exclusively 64-QAM or
256-QAM during the period under consideration, the numbers ofprogram services for
each modulation density can be considered the ends of a range of likely values. This
allows simplification to a range of 257.1 to 287.1 program services, unweighted, and a
range of261.8 to 295.7 program services, weighted by number of subscribers, at yearend
2003. The equivalent ranges for the other years in the survey exist between the lines in
Chart 8 for the unweighted case and Chart 9 for the weighted case.

It should be noted that, while the cable operators' values have been used exclusively up
to this point for the number of program services to be carried on 64-QAM and 256-QAM,
other results are possible. For example, suppose the cable operators' values were used
for 64-QAM and the values for 256-QAM were set 40 percent higher, as would be
expected from just the difference in bit rates. The ranges would become 257.1 to 322.9
program services, unweighted, and 261.8 to 329.6 program services, weighted by the
number of subscribers. These kinds of improvements in capacity can be expected going
forward as a result of improvements coming in compression and multiplexing technology
and the lower bit rates required for the preponderance of film-originated material that will
be carried on PPV and VOD services.
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Chart 8 - Total Program Services - Unweighted Averages
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Since 86 percent of subscribers are projected to have 750 MHz or greater total bandwidth
service by the end of the survey period, yearend 2003, it is instructive to evaluate the
number ofprogram services that they could receive. Replacing the total bandwidth
received by the average subscriber with the value 750 MHz in the process described
above yields 23 .13 channels, after subtracting for analog channels, downstream portions
of two-way services, and DTVIHDTV services. (The value 23.13 equates to the 19
channels of the previous analysis. Thus the 86 percent of subscribers will receive 4.13
more 6 MHz channels than the average subscriber receives.) The program service
capacity of the 23.13 channels must be evaluated for the four cases ofunweighted and
weighted numbers of program services per channel (as derived from the cable operators'
responses) when 64-QAM and 256-QAM modulation are used. The resulting numbers of
program services must be added to the 92.4 program services that are carried on the
analog channels plus the DTVIHDTV channels as previously described. This produces
ranges of292.9 to 329.5 program services, unweighted, and 298.7 to 339.9 program
services, weighted by numbers of subscribers, that will be delivered to those 86 percent
of subscribers who will receive 750 MHz or greater total bandwidth service. Looked at
another way, 86 percent of subscribers will receive between 36.9 and 44.2 more program
services than will the average subscriber who has formed the basis for this examination
(with the analysis done using the cable operators' values for program services per
channel weighted by numbers of subscribers).

Conclusions
The data from the responses of a dozen mostly large and some smaller cable operators to
the FCC survey on cable system capacity have been analyzed. The number of
subscribers represented by the companies responding totals 59.9 million out of the
current universe of 68 million cable subscribers. Data for systems serving up to 57.3
million subscribers is included in the survey responses, with 52.6 million covered in the
last two years of the period considered. Thus 77.4 percent ofcable subscribers are
directly represented in those last two years. It has been shown that the information
available for the 77+ percent of subscribers can be conservatively applied to the
remaining 22.6 percent.

At this point, a number ofcharacteristics of cable system capacity, as revealed by the data
supplied by cable operators, should be apparent. They can be summarized with respect to
bandwidth capacity, broadcast DTV "burden," and program service capacity. They are
presented here in summary form:

Cable Industry Bandwidth Capacity

• Overall bandwidth delivered to the average subscriber increases from 622 MHz to
725.2 MHz over the period from yearend 1999 to yearend 2003.

• Downstream bandwidth to the average subscriber increases from 568 MHz to
671.2 MHz over the period.

• Subscribers receiving 750 MHz or greater total bandwidth service increase from 56.1
to 86 percent over the period.
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• Subscribers receiving greater than 750 MHz service (typically 860 or 870 MHz
service) increase from 0.9 percent to 11.8 percent over the period.

• Subscribers receiving 550 MHz service or less decline from 43.8 percent to
14 percent over the period.

• Following the survey period, bandwidth delivered to the average subscriber will
continue to increase through completion ofthe upgrades currently known to be under
way, at which point downstream bandwidth is projected to reach 717.6 MHz.

Cable Industry "Burden" from Carriage of Broadcast DTV Signals

• For purposes of analysis, the average of about 6.2 commercial television stations per
market was used in the calculations.

• For purposes of analysis, the average of about 1.8 non-commercial educational (NCE)
television stations per market was used in the calculations.

• The downstream bandwidth to the average subscriber over the entire period is
sufficient to carryall the commercial television stations in the very largest markets in
both analog and digital form within the one-third bandwidth cap determined by the
FCC to meet the requirements of the Communications Act of 1934 as amended.

• The downstream bandwidth to the average subscriber by the end of the period is
sufficient to carry all the commercial and non-commercial television stations in the
very largest markets in both analog and digital form within the one-third bandwidth
statutory cap as determined of the FCC.

• The "burden" on downstream bandwidth to the average subscriber to carry both the
analog and digital signals ofthe commercial television stations in the average
television market grows from 6.25 to 8.43 percent over the period covered by the
survey.

• The "burden" on downstream bandwidth to the average subscriber to carry both the
analog and digital signals of both the commercial and non-commercial television
stations in the average television market grows from 8.13 to 10.82 percent over the
period covered by the survey, recognizing that NCE stations are not counted in the
one-third cap.

• Following the survey period, the "burden" on downstream bandwidth to the average
subscriber to carry both the analog and digital signals of the commercial television
stations in the average television market declines to 7.88 percent as the upgrades
currently known to be under way reach completion.

• Over the period from 1993 to the end of the DTV transition, the "burden" on
downstream bandwidth to the average subscriber for carriage ofthe signals of
commercial television stations declines from 13.35 percent to 2.63 percent.

- 25 -



Analysis of Cable Operator Responses to FCC Survey of Cable MSOs

Cable Industry Program Service Capacity

• Cable operators confirmed the use of the lower 54 MHz of systems for upstream
signals.

• Cable operators indicated 550 MHz is the upper limit for analog downstream signals,
with some deviations from that value.

• Cable operators indicated that spectrum above 550 MHz will be used for digital
downstream signals, with some deviations from that value.

• Cable operators indicated that 24 MHz is needed, in general, for the downstream
portions oftwo-way services.

• Cable operators were unanimous that 2 DTV signals can be carried in a single 6 MHz
channel using 256-QAM modulation.

• Cable operators indicated that 2 or 3 cable HDTV services can be carried in a single
6 MHz channel using 256-QAM modulation.

• Cable operators indicated that use of 256-QAM modulation in their digital allocations
of their spectrum is feasible by their inclusion of it in their plans.

• Cable operators, on average, expect 8.67 SDTV program services to be carried in a
single 6 MHz channel using 64-QAM modulation.

• Cable operators, on average, expect 10.25 SDTV program services to be carried in a
single 6 MHz channel using 256-QAM modulation.

• Cable operators, after weighting by the numbers of their subscribers, expect 8.92
SDTV program services to be carried in a single 6 MHz channel using 64-QAM
modulation.

• Cable operators, after weighting by the numbers oftheir subscribers, expect 10.70
SDTV program services to be carried in a single 6 MHz channel using 256-QAM
modulation.

• After accounting for all other factors, calculations show a capacity range of257.1 to
287.1 total program services to the average subscriber, when cable operators'
expectations for program services per channel are treated on an unweighted basis.

• After accounting for all other factors, calculations show a capacity range of261.8 to
295.7 total program services to the average subscriber, when cable operators'
expectations for program services per channel are weighted by the numbers oftheir
subscribers.
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• After accounting for all other factors, calculations show a capacity range of 257.1 to
322.9 total program services to the average subscriber, when cable operators'
expectations for program services per channel are treated on an unweighted basis for
64-QAM and when 256-QAM capacity is taken as 40 percent higher by virtue of bit
rate capacity.

• After accounting for all other factors, calculations show a capacity range of261.8 to
329.6 total program services to the average subscriber, when cable operators'
expectations for program services per channel are weighted by the numbers of their
subscribers for 64-QAM and when 256-QAM capacity is taken as 40 percent higher
by virtue of bit rate capacity.

• After accounting for all other factors, calculations show a capacity range of292.9 to
329.5 total program services to the 86 percent of subscribers receiving 750 MHz or
more total bandwidth service at the end of the period, when cable operators'
expectations for program services per channel are treated on an unweighted basis.

• After accounting for all other factors, calculations show a capacity range of298.7 to
339.9 total program services to the 86 percent of subscribers receiving 750 MHz or
more total bandwidth service at the end of the period, when cable operators'
expectations for program services per channel are weighted by the numbers of their
subscribers.

• Over the period covered by the survey, the cable industry will increase program
service capacity by 83.5 percent, considering 64-QAM modulation alone. The real
increase is certain to be higher than this when it is recognized that most operators
indicated an intention to use 256-QAM for parts of their SnTV services.
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Annex A - Treatment of Cable Operators' Data
Some explanations ofthe methods used to arrive at the various values shown in the
several charts are required. The treatment of each operator's data will be discussed in
succession. A variety of steps were sometimes required to make the data consistent from
one operator to another and to make it relevant to the question. The need for this
treatment results from the fact that some operators did not provide the data requested but
instead substituted other, somewhat related data they had at hand. In other instances,
only partial data was supplied, and it has been necessary to extend some data provided or
to fill in certain details in order to make what was supplied relevant to the question.
These instances will be described in detail in the next several paragraphs about the data
supplied by the respective operators, taken in alphabetic order.

Adelphia Communications supplied data only for yearend 1999 and 2000. It supplied
no projections of future upgrades. It supplied subscriber numbers and route miles of the
various bandwidths organized by state. For both years it supplied subscriber numbers for
28 states. It supplied bandwidth data for 11 states for 1999 and for 29 states for 2000.
For both years there were states with bandwidth data and no population data, even with
the relatively large disparity in favor of population data in 1999. Obviously in that year,
there were many states for which population data were supplied but no bandwidth data.
In order to make the data useful, it was treated in the aggregate, i.e., the total population
was used and the total route mileage for each bandwidth was used to arrive at a
percentage of the total plant to ascribe to that bandwidth category. It was assumed that
the population was uniformly distributed in the systems and along the routes so that the
proportion of each bandwidth in each year could be applied to the total subscriber base.
It should be noted that the subscriber data supplied by Adelphia (3,876,468 at yearend
1999 and 4,317,865 at yearend 2000) is at considerable variance from the number of
subscribers credited to Adelphia by the National Cable and Telecommunications
Association (NCTA) on its web site (5,292,000 at yearend 2000).

Adelphia Communications is the only operator to supply data that indicates a year-to-year
increase in plant percentage below 500 MHz. Similarly, its data show reductions in the
percentages of both 550 MHz and 750 MHz service while there is a very slight uptick in
the data for service above 750 MHz. This very likely may be due to the large amount of
missing data for the year 1999 and the fact that no data were supplied beyond yearend
2000. Since there were no projections of proportions of the service categories for future
years nor any indications of expected numbers of subscribers in those years and since
there are such gross discrepancies in the subscriber data that were provided, the data for
Adelphia are included in the aggregation for the industry only in the years for which the
data were supplied. This results in undercounting the subscribers covered by the survey
in those years, but, given the relatively small number of subscribers involved (about 5
million out ofnearly 57 million), it does not significantly impact the portrayal ofoverall
industry trends and averages.

Armstrong Cable Services supplied bandwidth data for all years in the survey. It
likewise supplied numbers of subscribers receiving service in each bandwidth category.
It used a constant number for the total of subscribers in all years, thereby not reflecting its
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history or expectations of future changes in the number of subscribers. Given that its
total number of subscribers is small (about 206,500), this has no significant impact on the
results obtained.

AT&T Broadband supplied complete information for the year-ends 2000 through 2003.
It excluded yearend 1999 statistics because they would not have contained MediaOne
data and were therefore seen as "distort[ing] the aggregate year-to-year comparison of
rebuild activity." The AT&T data were based upon plant bandwidths projected on a
Homes Passed basis and were supplied already converted to number of subscribers based
upon an assumed even distribution of subscribers. The respondent indicated that it does
not separately maintain data for 750 MHz and greater-than-750 MHz systems, so it has
reported the two together. In our analysis, the AT&T data for greater-than-or-equal-to
750 MHz were included with the data from other operators in the 750 MHz category.
This has the effect ofunder-reporting the >750 MHz data and over-reporting the 750
MHz data to the extent that AT&T has any systems operating at over 750 MHz at any
time.

BellSouth Interactive Media Services supplied data for all years requested. 100 percent
of its systems operate at 750 MHz. It has only on the order of40,000 subscribers, so its
impact on the industry aggregate is small in any event.

CableOne supplied all requested data for Question 1. No adjustments therefore were
required. It is worthy to note that all data for yearend 2001 were precisely repeated in
table entries for the following two years. The bulk of CableOne subscribers will receive
550 MHz service throughout the period covered by the table, with nearly 55 percent
receiving such service over the last three years on the table. Its subscriber totals are
relatively small, however, with only 770,000 shown in the last three years.

Cablevision Systems supplied its information on percentages ofHomes Passed that
would receive the various categories of service if subscribers occupied those homes. To
make the data comparable to that supplied by other system operators, it was adjusted by
the fraction 3/4.2 that represents the number of Cablevision's subscribers divided by the
number of homes its systems pass. These values were provided in the cover letter that
accompanied Cablevision's response to the survey as representative of the current
situation.

Charter Communications provided all the requested information and projects the
second largest proportion of service at greater than 750 MHz, with over 46 percent of
subscribers receiving such service by the end of 2003. It was one ofonly two operators
to indicate any system capacity in the range from 550 to 750 MHz. Subscribers expected
to receive that bandwidth never exceed 0.8 percent, so the range value has been combined
with the 550 MHz value to be more meaningful. It should be noted that Charter supplied
only one value for the number of its subscribers for all five years.

Comcast provided information for the first four years in the requested range (through
2002). So as not to lose the effect of over 8 million subscribers in the last year, we have
repeated the data from yearend 2002 in the 2003 column as well. It should be noted that
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Comcast did not provide separate information in the table on the extent of its system
construction at 860 MHz, although it did note that it was including that data together with
the 750 MHz data included in the survey. It indicates in its notes to the table that it is
upgrading 20 communities in eleven states to 860 MHz bandwidth. Similarly, Comcast
included any systems between 550 and 750 MHz with the 550 MHz data. Given that the
trend shown for 750 MHz is strongly up, that the trends both for under 500 MHz and for
550 MHz are strongly down, and that the data for 860 MHz are included with the 750
MHz data, it can be stated that the Comcast data understates the 860 MHz numbers and
simultaneously overstates the 750 MHz numbers - probably to a significant degree.

Cox Communications supplied only the information about the proportion of its systems
falling into the several categories of bandwidth historically and its expectations for those
percentages in the future. It did not supply any data on the number of its subscribers in
each category or in toto. So as to make the Cox data comparable to that from the other
system operators, the needed information on its number of subscribers as of December
2000, was obtained from the NCTA web site and used in the table. In the absence of
more detailed information from Cox, the same number of subscribers was applied to all
years under consideration, as had been done by several of the other operators in their
responses.

Insight Communications provided only historical data for the year-ends of 1999 and
2000. It provided no projections of the proportions of its subscribers it expects to receive
service at the several categorical levels defined in the survey. Consequently its data
appears in only the first two years of the charts showing the proportions of subscribers
served at each bandwidth level by each operator (Charts 1 through 4). Its data also
contribute only to the aggregate presentations (in Charts 5 and 6) for those same two
years.

Insight described the amount of plant it has with bandwidth greater than 750 MHz as
"immaterial, and therefore not 'representative. '" Nevertheless, the total of the categorical
information supplied by Insight adds to less than 100 percent, and the yearly subscriber
total does not match the total of subscribers in all categories given for each year. Since
Insight made it clear that the missing subscribers receive greater than 750 MHz service,
we have calculated the number of missing subscribers and the percentages they represent
and inserted them into the >750 MHz category. (For reference, the percentages are 1.5
percent in 1999 and 3.8 percent in 2000.)

RCN Corporation provided information on the proportions of its subscribers who
received service in the different bandwidth categories but gave no information
whatsoever on the number of its subscribers. The needed information on RCN's number
of subscribers as ofDecember 2000, was therefore obtained from the NCTA web site and
used in the table. Since only a single value was available for the subscriber number, it
was used for all years, as had been done by several of the other respondents to the survey
in the data they supplied. It is worthy to note that RCN projects the highest proportion of
service (58 percent by yearend 2003) at >750 MHz of any ofthe operators responding to
the survey.
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Time Warner Cable (TWC) did not fill in any of the tables from the survey. Instead it
provided a completely narrative answer to the questions posed. Notwithstanding the
difference in form, TWC did provide a substantial amount of useful information (but not
all that was requested by the survey). With the information that was supplied, we were
able to fill in the table to a large extent and then to combine the information with that
from other operators to obtain the industry averages that we have presented.

TWC gave specific information on the proportion of subscribers who received
historically or will receive in the future service below 500 MHz. These were indicated by
TWC as dropping to zero in the next couple years. TWC also indicated the percentage of
subscribers still served by 550 MHz systems (2 percent); we carried that number into
future years as a conservative estimate. TWC said that it currently serves 94 percent of
its subscribers with 750 MHz or greater bandwidth and that its New York City division
operates at 860 MHz. The TV Factbook 2001 edition lists the TWC New York City
systems (including Staten Island) as serving 1.254 million subscribers, so we applied that
number in the >750 MHz category while subtracting it from 94 percent ofthe total to
yield the number for the 750 MHz category. To make the transition to the information
provided a reasonable one, we tapered the data for 550 MHz subscriber percentages by 2
percent per year (probably rather less than reality, but a conservative estimate) to the
value given by TWC as representing the current situation. We then subtracted the total of
the two bottom categories from 100 percent to obtain the percentage of subscribers in the
two highest categories in any year. We split that number to account for the New York
City division's wider bandwidth, ascribing half the change to yearend 2000 and half to
yearend 200 I.
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imd ..pan·d 1(:" ':ill Ml b. "'lal 10 11I1"fILIO:II1hr' rar:11hlll

.!11~1 acldlfll': Ijl(" Hl"'''' !l;if'p,.'Ir(~ 1:;111 1)(",1 \'('ry fI'xJX'D!'iI"I'

lit!lik III IC~U So. till' Idl'lI of n'LnaldllIB Lir plll[JL ,,'El

hf' oj d,1url1lJIB mILL flJr a pN;tLm'!li,

I hll,'I:o("\'I'1', l~II' alll'l1'J;1C1\,(' IS h};{~I)o' {·'t'I:"J1 mQrt" I:OlliLl'r'

g,. 1x:r:'itP(~IUlfl D,f l....c·n C'Jrrlun.,llllg pl.,;,D!'i m upgr""lt:-.

"lllt'I'UDr.. f1~ ko!lilllJl. nlslJJrtWl1li 101h!' r<lCllpl'illJ:loll 11"1f'Y

,"11\0:1 kl~ ,JIl' nppo£1UfIIl:\" 10 fl,W-":J\l'f'~lL£1(",1.' [l"\'rntr r:J'(lCll

.~'IYII:<·." Ihal Uu.....· \"1):111 hi1..'I' LIX" bi'lCldwldth 10 ln1mdllrC',

MCH1·D,\,I'f. (1)f'r;1l(~ IIIlL i'lJIr.rn."('o(11c r.u."!' l11Mr 1"a&!'$;B

lhl'~' IW·f(·..·l'M.' 1~1I'1[" VJ~,(:O I:h;mrrl., liD lill' 1."':qX'1:IK' 10

ilp',ooJrild(" .. ittl hI' !JoI:U1I1' .....hal olTSf'1 by [",~No And. as LIX"

1<..... I"f""H· 1'111 h IS arl11,'..,11'1:1, 1hr 't';tltll' fJr .......1."1:1 orr M 11:1'

IM'!(If1IL'S 11lJ1-'.tL for ralX.,. Itm.;lC"'m ~T\..X'tL. A~."l J';'!Ibk­

ollllllllrry ("J«'~~Ir.t"'·I' D:Jln' !1."!lId•• Nobndv ("'\'1'1' R,l:rt fU('d

fut ha"'lfll': Ion much hllnd'II,'ldLtJ-

Systtll1 Amp_lin: Vial Li*s In the NehvOl1l

~ 1:310 F1tEr
, Optical

Nulla

i :.1; :r~ ::: .. '},:n J~'L .~,.'t !.t:"f:~L;:dJlit,: 1(' ,,.'}O\ (J.I: ,~H~,!·.··~

:.:/io" dP~1',H,\ :1;' nil"il i Ih~, .HI:·t~tlll~~"z ~ __~:~...f·
• h~~: {·!~l1}d·' °U:tt,SI .MI·I~li:n· ii.:~f ..:-r~!c'lJf~l.: ',","r-;'-:r~~"'~ d·h.Jl~
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New Amplifiers Improve RIIab..,

101 Itll)f(' IrIfoITlL.3b:XI. "'lslL Ihl' XInIUfll: ..... llarlL.l V\'rb ~1.tt·

.\.. Ilt~ ....x:('k!J, 1:4.'1:oflto:- IlU)f(' nll'JlplC'"X and naWcllC'!

'''XI:o(''I'I;-t1 ~:XI~ ClJl111tlJ.ll" m grrJ\·.... 1lC't....'(lf"); rct:ltUJllll:\' ~

1110("(' IIlIPI)ftMIl 1.n.'1Jl ["\'I'r ScIM1.tlflr: ..... lIMIL;t 110'15- ;1l1""",("J'N1

that.; JI.'1lI t"flW' "'t' i1ddulH n!"'\\' rt"o'l'lun:'S I() lis iunphfl:l:"n [0

('1'ISIIH' slUT~sfi.llOfll'i'.:l1I:H1. For' o:-x.'1mplt.. IM·I:<tI5l' the'

rJlns1 (I)1ll1UDIL r~·:t.Ym for !'i'r~Lf'm l).u1ilR'!' L'\I I.cJ!l.."i Dr Ixl.....l·r•

t~K' rlf'w amphfK·n. rt"o'l'lurr- .1 ?,Wo't'f' ';lIpply lar:o!lI.'·d In UIC'

hDIL'\ILrIR hd (;::... qu~-k n.,JI""I"flll'l:ll. dlOuld ;~ fi\lhw.'" (11:0;1£

Tlu... ,,1"0 ll"(iLln~ tll'i1L trI thc' ~lrlplJrll·r • .,.,.hldl I:lLoI"n IS Itlf'

..;UI!Io(' or 11Ii1UKI'rlo'1lrC' plubl'f'rus.

Titl" C1'IIC'ljJ}'[If'(" of dljJ.n;U UUlr'liu'l "''('' S1·r...·Il:r5- Will ph":I'

~n~1tf;('1 l'l:llphi1SI~ 01:1 h.'1ndwldt.J11hi1n 1'..'("1 IrilJl'll', By

prm'ldlClR a slmpLf' ;lrId n:I!I01 l·ffn:II..'C' upgr;Jo;1C' llJ H70

\11 11. ''io; l<'Il11h: A11 ..mri1 flo 1Il.akJI:J;lJ 11 ;111 ~,,""")' I'b:JICI'

!I) boosl hand..... ldth ~nd I'H'.IIC' 03 Rl[)ff' IUI:ot.I!I01. 1("\01'1:1111'

."11 ww·.... ,'Wl;lll J."1Il1i ()f {' .'111 7 TO 903 :iOXl,

nil' pl.;llform·!'i S,'SIL'fi1 ;-tltlpllht'f ;tho [)JXT031r!!; ..... Ith

h.rgh F:;ml ;llul k ...... [Il)I!Io(' .11 871:1 MEtT. iUld 1:()(Il,,'1IfI~';'

1'("\'1'1-';(' i1l1lpLlfll'l In IJ ...... dlo'1!1..'\1~ ...."C'1t rar II1IPIU1,ol"(l

fnr...·;ud/n.......f·n,(" 1!I.(11l1.111:JtI, Hybnds ;ICC' plllR U~ 1J1S1l"ild

nr '\oldl,l't··d fm 1';1lIo,,' rr-JIlo...··<t1. .'1nd :til :trCl"'.Io."iorl~ "fl'

.....T~·\SlbJI· ah:j'\,'I' IIX' dlit~"rI 1'11\'I'r,

lf "'Ctl il.fC" Itll.c':ff">l('d In \'lC"'iJ,'1JlH addJlxxlal InfaITIl."YIJo:xl or

" .. hltl' FJilfll'l'!li rrr)1l~ Snt'i'ltlrll: .\III1CIL3, [rx-. pk'a.Y" \,lu1 rhfo
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if( 0I;ll'r,111 ,r\ IT.-Illlllwd Itl lIP~latjlCIR-:i1p.101'" a

w ...·.' ~\,(lhHI'ill milkl... Ihr' ril., ...... H.'1.' 1\1IIz d('l: lStWI

Solution: 870 MHz For
Tilt Price Of 750 MHz

lVI'11 iP"j,~;'"''wtUI ;llr~·."Jrl\ ....r<••I1 dt!, pll.: ........ 1]1

'.I! 'HI i1dl1~ I: ,')II t.lliz.; .'ill 1~'i11' ,1-..' 11"'11 Joe'nd, il~' 114'lld I'"

of ....·.Hihll W. Ii.' .llj'li r..·1Ht \\ 1111 ..... IoI·DI;1 jI' :\d.'tlIlil ~ I W"

C.,,"M.,kl·l; 1r<'lildl:~"lr;p;lalllphh~'J pl.'lifloflll. ,Ul l: 1='1'11,,,<1..

'I' ·Co'll r','1r i ... l'\ .1 "ii.mph· <lnil' III !I.(Ih.IW II. ·.·.,ldIC•. P d-;,:·

:lI'nll::f'i,lI lI't;i.l;O' 11·~p.Y'!H1-:

.... ' ","mlfl£ /',' I;lClt.:I, in; "k;Idll:~,,! slJpphrr of hn~""UI;trId

n'lIilllllnlr:11 t::lfI~\"'\l:I'm!li. 'I.o"YIt"iJlror' haSoNI \·Idl~::'. \-Iltr~' iHlll

datil CD1DIlIIIIIWill mIl.l!i IX'1wl)Jks. has IIl1rod~II'~'d il W'W RI

,'!Imphf1("1 pl.rtknn I/l.'!It o:-nilbll..... an IIpJ.l.r;lIl!' to:! li:lO MIl...

f! ,r II...· sarw· 'rw of 1:,(1 1\1Ht Thai s ;m ~'xtril Uti Mil ...

m 1t, 1)('1< (·w I·:.roril h1twn"'ldlh. Nw 1M ....Qlf' prJCf'

Ihar i illl 11Ii1~' 11 l:ug dltlfotl·n.:l' In 1111' .ttllllt'r In Dffl'r fll'W.

f):"'\.·~'lli.II· ~'!lI'li1lll~ •..prv);"I'!\. ilnd ,'·:'pmll'X'..;1 rh.uwI."i 11l¥"lIP\

nil' ~nC'1:J1HI'\II;1rIl.'l""·YI·IIIl'i 1~,,:I..·."·i1rd (lilllfJ.iltibk.

.1111 JWHIfl, I,ll' 111]("1 illO:lI 10 k(1'j:! HII'll' f'!(ISIIJ't;~ lliill'\l n~ h'l\I'

....1.1 ilI1l'nmt:" .'1l1d "1:,.;II'l(ir' 'T~l,...1H' II'.:IlK;;,:L 'II"! Ihl'll' L\

w. lith::( PII'IIJIIUn l(]f' Ifl\l:illJlEIF: IJlt~ 8FJ Mllz .\""~1I'1lI

•.... tIl'IJ upl.I.r.,dlllp. f',lW"IJIl;q ......; K'unhc :\r.!;UUil .U'Il.pllfL('f"<,

1'. Jlllpru«11 .Hlli I"!ll!'!'f i osis ;H'.~ ."lI!l.O:1 dl'1·II·il!1.("o;1 bt'1';lll'H'

r.......pIU:III!,: '::-: IJ··•.pm·IrIR cf rhf' Irt't'il.1 k mil', 1',,11 1:('

r('~ Il.llf(-..d n.t\ fit...... :-l1·1X'l.'IIII:JU (If l1mpllfll·l." 1[IIludl·...

S<'\ 1'1.,,: f1lDn:oJ." lu luatch .111\: ;ul'l·t1I('l~tIHI' n"fllHl1.'fI!('ll[."
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